Beyond typical, open-loop or feedback use, fast, turn-by-turn bunch monitors provide recursive data that determines system dimensionality d and K-entropy whose time fluctuations provide useful diagnostic tools. For injection and extraction, one can study variations in the dimensionality of the attractor with matching, jitter, current and tunes. Comparison to dynamical models then helps to optimize control. Experimental and theoretical examples and their signatures are discussed e.g. the evolution of the distribution function after injection is studied as a solution of Liouville's equation.
I. Introduction
Optimal injection and extraction in storage rings can be approached in several ways. We can try to understand the problem with an explicit Hamiltonian or in a purely heuristic way using feedback/forward or, as argued earlier, with a closed system whose structure is baaed on dynami- with data of sufficient accuracy and sampling bandwidth, we study the information content in time series, how it varies with time and how we can control and use it. Loe(P) Fig. 1 shows the analysis for Az from Fig. 3 . All curves in Fig. 3 give D w 1, including 1000 particle tracking. The collective motion is well represented by a single particle with 1D. Two constraints on decimated 'data' are to avoid obvious correlations e.g. n > 5 in Fig's . lac3 and to have enough data to unfold deterministic and stochastic effects (large d). For contrast, Fig. 2 shows the expected result for 1000 random points. For C(p) <g: 1, all curves in Fig. 1 are parallel whereas none are in Fig. 2 .
Tests of data

Analytic model for injection
Even when one reduces particle losses along a closed orbit at injection by adjusting the transverse tunes to avoid resonances, injection may still not be optimal due to the cumulative effect of nonlinear fields on the beam over many turns. In terms of the lowest order moments, one observes decoherence in the center-of-mass motion ( z )~ and filamentation of the phase space e.g. growth in (z2)t. Examples are given below: first from Moshammer's analytic model [4], then tracking and finally from measured SLC data. 
The beam distribution at injection is assumed Gaus-
The only requirement is that the initial distribution is well approximated by a positive definite, but not necessarily smooth, function of the phase space variables. Their relation to action-angle variables is given by the transformation from Cartesian to polar coordinates.
The corresponding distribution function in ( I , 4) at t = 0 is: Notice that: c2 = b2 -1. For b = 1, the initial distribution is described in phase space by circular contours centered around 10,do. In this case the beam is said to be matched to the lattice. The parameter b is known as the P-mismatch parameter which quantifies the increase of effective beam size after filamentation.
B. First Moments
It is possible to obtain a closed expression for the first and second moments if we limit N = 2 for the linear and quadratic terms in Eq. (2). From Ref. 
C. Two o r more degrees of freedom
With betatron coupling or chromaticity, the series ( x )~ reflects a Hamiltonian with D 2 2. Still it is possible to derive analytic solutions for the center-of-mass motion after injection but the number of parameters that have to be determined from data increases considerably. One way to overcome this is to filter the data in the frequency domain and reduce the 2 or 3 degrees to one. The discussion here is limited to tests of calculations and the available data types.
D. Higher dimensionality of different 'data ' types
An analysis of (z)t from 3D tracking with DESPOT for the first 1000 turns implied a value consistent with D w 1.5 as though the different degrees of freedom were 
IV. Conclusions
Dimensional analysis of real data show insignificant noise [7] . Decimating data, to filter, compress or match sampling capacity should extend the applicability. More SLM data for different orbits could study coupling from the kickers. The analysis is simple for n < 10 so it should be interesting for many accelerator studies such as nonlinear resonances or coupling in multi-bunch or flat beams (e.g. from the kickers) as well as the parameter dependence of stochastic effects in the beam-beam interaction or in long-term tracking.
See R. Stege, K. Jobe and M. Ross, this conference. The data are M. Minty's. See SLAG-PUB-5993. The only other analysis for accelerator data we are aware of was Voelker Ziemann's. It showed large stochastic effects in linac BPM data but that data was necessarily taken differently.
